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or from che late Act of Parliament 

= concerning the Longitude, made in the 
Fifth Year of the Reign of his preſent 
8 & Ss „„ 28 2 N e VV 8 » 


HEREAS the Publication of Nautical Almanacs 
* YYyY conſtructed by proper Perſons, under the Direc- 
tion of the ſaid Commiſſioners, would greatly contribute 
to make the faid Lunar Fables more generally uſeful; Be 

it further Enacted, by the Authority aforeſaid, That it 
hall and may be lawful to and for the ſaid Commiſſioners 
Wo cauſe ſuch Nautical Almanacs, or other uſeful Tables, 
= a be conftructed, and to print, publiſh, and vend, or cauſe 
125 o be printed, publiſhed, and vended, any Nautical Alma- 
ga or Almanacs, or other uſeful Table' or Tables, 


nich they, or the major Part of them, ſhall, from time 


r 
£ 
* 


ä˙⁊i⁊u deo time, judge neceſſary and uſeful, in order to facilitate 
RR the Method of diſcovering the Pongitude at Sea; any 
Law, Statute, excluſive Privilege, private Charter, or 
>" other Cuſtom, to the contrary thereof notwithſtanding. 


And be it Enacted by the Authority aforeſaid, That no 
Perſon or Perſons ſhall print, publiſh, or vend, or cauſe to 
TX be printed, publiſhed, or vended, any Nautical Almanac 
äLLd or Almanacs, or other Table or Tables conſtructed under 
h•the Direction of the ſaid Commiſſioners, without being firſt 
ET licenſed by the ſaid Commiſſioners, or the major Part of 
3d; them: And if any Perſon or Perſons not fo licenſed, or 
ùä zj not being authorized by the Perſon or Perfons ſo licenſed 
by the faid Commiſſioners, ſhall print, publiſh, or vend, 
or cauſe to be printed, publiſhed, or vended, any ſuch 
Nautical Almanac or Almanacs, or-other Table or 
Tables, every ſuch Perſon or Perſons ſhall, for every Copy 
of ſuch Nautical Almanac or Table fo printed, pub- 
lifhed, or vended, forfeit and pay the Sum of Twenty 


Lo his Majeſty's Courts of Record 
th | 


ſecute, inform, or ſue for the ſame. 
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9 at 850 and for examining, y- 
Wy and Judging of all Propoſals, Experi- === 
ments, and eee relating t to! Nye = 
ME. _ 


©YFY:- "compute Nautic n 1 Aſtronomicall 
„ . for the Years 1769 and 1770, which: Wilk 
e reatly contribate' to make the Lunar Tables conſtructed 8 
e & the late Profeſſor Mays! R of: Gottrngen (which your» - 
ave already printed with dur Authority) mote generally 
is uſeful; and whereas we think fit to employ you to print the 
_ Nauticat Almanacs and Aſtronomical Ephemerides : 
We do therefore, in purſuance of the Power veſted in us by =>, 
Ae of Parliament, hereby, licenſe, authorize, and im power! 
you to cauſe the ſame to be printed, "together with ſuch — © 
other uſeful Tables for facilitating: Me Method of diſcover- 
ing the Longitude at Sea, as hall hae been conſtructed W 
under our Direction, and will be delivered to you by E 
Reverend Mr. NEVITII MASKEIL INE, his Majeſty es 
Aae eee Royal at Greenwich; and for ſo doing 5s {hall 
be your ſufficient Warrant. Given under our Hands and 


_ this 18th of June 1 . 5 
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of Parliament for the Diſcovery of the 
e at Sea, and for examining, try- 
paged judging: of all Propoſals, Experi- 
1 and e FE la to the | 
Ra. 


N EREAS we think * to ley you to | publiſh 
and vend, and to cauſe to bepubliſhed-and vended, 
the Nautical Almanacs and 1 e Ephemerides for 
the Vears 1769 and 1 770, together with other uſeful Tables | 
lc conſtructed under our Direction) for facilitatingthe Method 
of diſcovering. the Longitude at Sea, which will be printed, 
| Meſfieurs Ric#arnson and CLARK of Salibury- 
court, Hleet rect: We do therefore, in purſuance of the 
Power veſted, in us by Act of Parliament, hereby licenſe, 5 
authorize, and impower you. to publiſh and vend, and to 
cCauſe to be publiſhed. and vended, the ſaid Nautical Al- 
manacs and Aſtronomical Ephemerides, together with the 


other uſeful Tables above-mentioned, -. For which, this 


Mall be your ſufficient Warrant. Given under vu Hands 
ang ns | This 18th of {FORE HR ay 
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HE Cement fHbnde, fL an n TH 
ſuince of the Powers veſted in them by a 
late Act of Parliament, preſent the Publick With 
the NavTicar ALMANAC! and ASTRONOMICAL - 


__ EypnzMER1s: for the Lear 1770, being the 
| Ko be po the be 8 N e 


. — —— — - with many 
other uſeful and intereſting Particulars never yet 
offered to the Publick in any Work of this Kind. 
The Tables of the Moon had been brought by the 
latè Profeſſor MavxR of Gottingen to a ſufſicient 
 Exactneſs to determine the Longitude at Sea, Within 
a Degree, as appeared by the Trials of, ſeveral 
Perſons who made Uſe of them. The Difficulty 
and Length of the neceſſary Calculations ſeemed 
the only Obſtacles to hinder them from becoming 
of general Uſe : To remove which this EP RHE 
 mER1S” was made ; the Mariner being hereh mw 
lieved'from the Neceflity: of caltalating the 
Place from the Tables, and afterwards e — 
the Diſtance to Seconds by Logarithms, which 
are the principal and only very 4 Part of the 5 
Fer 5 "ſo Wund the Se the e * 1 
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| In ne Help of whe ErHEMERIS is now in a Manner 


reduced to the Computation of the Time, an Ope- 


ration equal to that of an Azimuth, and the Cor- 
rectjon of the Diſtanc 
"Parallax, which is alſo rendered very eaſy by either 
of the Two Methods invented by Mr. Lyons and 
Mr. Dux rHORNE, and ubliſhed among the Tables 
requiſite to be ew fich th 


| EX F ; 
by 5 n 


on account of Refraction and 


| EXHENER1s, . 1. FI 


By Defire 18 eee e Bong ieude 1 
planation and Uſe of "Hy" Articles 


_ " contained/in the EPHRUERIS, and the Inſtructions, 
with Examples, for finding the Longitude: at: Sea 


Retraction on the Moon's Diſtance 
found by Mr. Lyons, or any other Merhod, on 
n wg the Barometer and AN SENT Fr 


laſt manuſcript 


by the Help of the ſame. I alſo Colle ted and cal. 


cCulated So Firſt Pages of Tables requiſite to 
be uſed with the Ernzmerts, and computed the 
Table of proportional Logarithms, which ſeemed to 


me abſolutely neceſſary to clear this Method of any 


remaining Difficulty; and added Explanations of all 
the Tables, and a Correction, p 


49 and go, which 
may be applied by the Sate to the Effect of 
from a Star, 


; Ws FX 
. 7 x 57 . 3 


All __ G dne i 5 8 eclating 
ro the Sun and Moon were made from Mr. Marg 5 
t Tables, received by the Board of 
Longitude After his Deceaſe, which have been 
printed under my dez and will be publiſhed 
Mortly. The Calculations of the Planets were 
made from Dr. Hauuzy's Tables; and thoſe of 
the Eclipſes of Jupiter's Satellites from the Tables 


of Mr. WarcenrTin, publiſhed by M. DR IA 
LANꝝDE 1 in 1759» except thoſe of the Fourth Satel- 


lite, 


| f lite, which were calculated from the Tables ** . 


„ 152 Bas FLA 
ſame further improved by Mr. WarocenTiIN, and 


publiſhed alſo by M. Dx La Lanvz in the Cox- 
NOISSANGE DES MovvzMenTsS CEUEs TES of 1766, 


| All the Ar icles of the 83 were com- 
puted by Two ſeparate Perſbns, and examined by 
a Third, except che Moon's Longitude, Latitude, 
Right Ain Declination, Semidiameter, and 
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a; 
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Parallax, which, for Noon, were computed by One Þ 
. Perſon, and for Midnight by another, and the 3 
Truth of theſe, Calculations aſcertained by. means. 2 
of Differences, which, for the Moon's Longitude, 3 
were carried gs as the Fourth Order. 7 E 
80 NE IL. MASKELYNE, 
AsTRonokun Royal. | 
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ECLIPSEs For we Ea 1770. 


Wy 24. O eclipſed, inviſible in Europe: 
at 137 31/; Dis Lat. 117 North. G a 


3 eccee.Xrlipſed on the Meridian in Long. 182 Weſt, 
x „ ni North. *Fhis . with be prin- 
| cipally viſible in America. 


* * 


5 Nov. 16. © eclipſed, inviſible in Europe: 
8 at22*4/; Ds Lat. 4/ South. O n y 
cclipſed on the Meridian at 22b 8/ in . 
285 12“ Eaſt, and Lat. 27: South. © 
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14 |S. 24, Su. after Epiph. Ox.[157 C e N 7. 49. : 
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a I Hilarx, 1 ret. 20. C m Im. 1 160/24! | 
20 Sa. Fabian. In 8 days of St, Em. 1 Jh. 2 2 
— — 23. 444% 26/, | 
21 [Su. 3d Hu. 7E ip. A es. e 4. ( 7 1 10. gol. 
I 22 M. eee, pip 5 27. „ ST 
_ 4 23 [Tv. Ry Term begins: 
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„ Conretfion of St. Paul. ; - 
1 26 F. Flt ys, 2 ret. 5 
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adapted to apparent Noon, except where they are otherwiſe 
 Uiftinguithed, as the Eelipſes and «Configurations of Jupiter's 
4 Sele, the Moon's Places, Gr, computed for Midnight, 
and the Diſtances of the 'Moon'from- the Sun and Stars for | 
" wvery third Hour; which” are all eomputed t. the apparent 
Times ſet down. | 
1 Apparent Time is that deduced immediatel from the Sun, 
Z ' whether from the Oblervation'ofhis-pailing the Meridian, from 
"his Altitude obſerved at a Diſtance from the Meridian, ur from 
bis obſerved *Rifing or Setting. This TI ime is different from | 


uk 


"that Thewn by Clocks and Watches well regulated at SW 


2 5 is called equated or mean Time. This . 


2 


1 to 
Civil Day of the { 5 e Bene la to terouned 55 to 
24 Hours, or the ſucceeding Noon, when the next Da y begivs. 
„Thus the Day of the Month and the Hour of the Daycare me 
„lame in this ” Method 25 in the civil Account at Noon, and 


From Noon tin 9 8 ä an Noon: — 


et eh © 25 * . - 
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© *differ; for whereas in the 6ivil Account a freſh Day is füp- 
pPoſed to begin at Midnight, and the Hours to begin over * 
again, in this Method the Day is till continued beyond Mid- 
night, and the Reckoning of the Hours is continued up to 24; 
Thus the Diſtances put uc wm to January 10, 15 Hours, belong 
5 Javoary 11 at Three in the a" 0 f by civil Reckoning. 
There are 12 Pages for every Month. The firſt Celumn of 
the firſt Page of each Month contains the Day of the Month; 
the Second, the Day of the Week expreſſed, conciſely by the 
_ Initial Letter or Letters, Su. ſtanding for Sunday, M. for -- 
Monday, Tu. fot Tueſday, W. for Wedneſday, Th. for 


8 1 | 5 _ Thurſday, F. for F riday, and Sa. for Saturday : The third Co- 


lumn exhibits the Sundays and Feſtivals of the Church of Eng- 

land, and other remarkable Days: The I:ft Column-ſhews at 
* op the Moon's Phaſes, or the Times of new and full Moon, 
and of the fitſt and laſt Quarter, or two Quadratures with the 
Sun: Beneath are contained miſcellaneous Phænomena, name- 
ly, Eclipſes of the Sun and Moon, and Occultations of Planets 

or fixed Stars not leſs than the fourth Magnitude, by the Moon, 
+ as they ſhould happen at Greenwich by the Tables; the Con- 

FP eee of the Moon with all Stars not leſs than the fourth - 

Mlagnitude, which can be Oceultations any where on the © 

Globe, between the Latitudes of Co. North and 40?, South: 
- The Conjunctions, Oppoſitions and Qyadratures of the ſuperior 

. Planets with the Sun; and the Conjunctions and greateſt Elon- 
gations of the inferior Planets from the Sun, the Entrance of 

the Sun into the ſeveral Signs, and any other remarkable Phz- 
nNomena. ; | | + | 55 £1 

. -_ "Fhe Stats are expreſſed by Bayer's Characters of Reference. 

The Conjunction of the Moon or a Planet with a Star, is 
denoted by prefixing the Character of the Moon or Planet 
0 that of the Star, the Time of the Conjunction being 

placed immediately after. The Caſe is the ſame with Reſpect 

to the Occultation ef a Star or Planet by the Moon, only this is 
further e e by the Addition of Im. or Immerſion, to 

_ - Ggnify the Diſappearance behind the Moon; and Em. or Emer- 
ion, to ſignify the Re-appearance of the ſame. Thus 84 y 4 w 

. 15), 227. ngnifics that the Moon will be in Conjunction with 

the Star | W on the Eighth Day at 16. 22/. excluſive of 

Parallax: And 10d. ) £ II Imm. 9? 14/. Em. 10h. 23 / ſigni- 
fies that the Moog will eclipſe £ I on the 1oth Day, the 

immerſion. being at 90 14/. and at 10. 23/. apparent Time 
fk CH og wt om fk i 

hn | The 


moſt Parts of the Kingdom; but in very diſtant Places they 
will differ vety much, owing to the Change of the Moors 


Parallax, oc it may become no Occultation at all: The like 


ls laid of Eclipfes of the Sur! 7 99 Want wtf 


lipſes. of the Sun, and Occultations/ of fixed Stars by the 


Moon, if obſerved in Places whoſe Latitude and Longitude ++ 


are. well determined, may be 2 7 the Correction of 


the lunar Tables; but if made in Places whoſe Latitude only 

is well known, may be applied to the Determination of the 
| Longitude of the Place; but for this Purpoſe an accurate Ca- 
cCulation muft be made of the Moon's Parallaxes in Longitude 
and Latitude, which makes this Method of ſettling the I | 
tudes of Places, though a very accurate one, leſs'converent 
in Uſe for Perſons not much verfed in aſtronomical Calenlas > 
tions. However, this ought not to diſcourage Travellers or 
Mariners from endeavouring to make theſe Obſervations: as 
often and as carefully as poſſible, when they ſhall happen to 


be at any Place whoſe Longitude they have Reaſon to think + 


has not been at all or but indifferently determined; ſince the 
neceſſary Calculations may be made at any Time- afterwards-by 
_ themſelves, at leiſure, or referred to the Skill of Aſtronomers © 

and Mathematicians.. e eee, i wee: 
Fclipſes of the Moon are not liable to this In convenience; 

the Longitude of any Place, where an Eclipſe has been ob- 
ſerved, being deduced immediately by taking the Difference 
of the Time of the Obſervation and that ſet down in the 


Ephemeris, and converting it into Degrees, at the Rate of 


5 1g to One Hour, &:, or more briefly-by Table Pages 6. 7, 8. 
f the Tables requiſite to be uſed with the Ephemeris. But 
as the Beginning or Ending of an Eclipſe of the Moon cannot 
generally obſerved nearer than One Minute, and ſometimes 
Two or Three Minutes of Time, the Longitudes of Places can- 
not be certainly determined by this Method from à ſingle 
Obſervation of the Beginning or End nearer than a Degree. 
It is unneceffary to mention, that even this Point of Exactneſs 
will often be of great Service. If both the Beginning and 
End of the Eclipſe be obſerved, a conſiderably greater De- 
gree of Exactnefs will be attained,” oo ro he 
The Conjunctions of the Moon with the Planets, or fixed 
Stars not lefs than the fourth Magnitude, which may prove 
Occultations in ſome inhabited Parts of the Globe, are evi- 
dently deſigned to inſtruct Mariners or Travellers to look out - 


— : 


pe ee | ofe only viſible at Green. 
wich; and the Circumſtances will not diſſer very widely in 
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frequently for ſuch Obſervations; which if they happen to 


| prove Occultations, and are carefully obſeryed, will afford 4 
certain Means of determining the. Longitude cf the Place of 


| > Ek ks * . 9 ky CIS 2 wx] | 

The Days of the Oppoſitions, Quadratures, G. of the P. : 
nets with Reſpect tothe Sun, are Times at 2 1 0 ouglit 
lements. . 


to be obſerved in fixed Obſervatories, Og: Fa 
of their Orbits by a Serigs of ſeveral Years Obſervations. 


The Two firſt Columns of the Second Page of the Montn 


contain the Day of the Month and Week as before; next 
follo the'Sun's Longitude, right Aſcenſion in Time, Decli- 
 nation,-and/the Equation of Time, with the Difference from | 


Day to Day: 


The Longitide of the Sun is made uſe of in moſt of the 
ſuecseding Calculations; of the , Ephemeris, and 4 Sd 
Calcula- 
tions at a different Time of the Day. Particularly it may ſerve 
with the Help of the Moon's. Longitude, to find the Diftance 
of the Maon frem the Sun at any Time, independent of the 
Diſtances contained in the Four laft Pages of the Mon.h. To 

find the Sun's Longitude at any Time different from Noon, 


either to verify them, or to make other ſimilar 


Proportion muſt be made according to its d 7; 
Saying as 24. is to the Hour from Noon reckon 


| Longitude, to a fourth Number; which added to the Sun's. 


Longitude at tlie preceding Noon, gives the true Longitude | 


; at the given Time. )n%Cͤ Ind I eres ads a | = ph 
It the Time given be that of a Metidian different from 


Greenwich, it mult be firſt reduced thereto, by adding or 


ſubſtracting the Difference of Longitude turned into Time (at 


the Rate of One Hour to 15e, and One Minute of Time to 
15 Minutes, or more briefly by Pages 6, 7, and 8, of the re- 
__ quifits Tables) according as the Place is to the Weſt or te 

the Eaſt of Greenwich. Example: Suppoſe any one ſhould 
want 10 know the Sun's Longitude, January 1% 1767, at 4d. 

iffetence of Longitude turned into Time by Table Page 6, 
is 1. 25/ which fabftracted from 4d. 357. becauſe the Place 
is Eaſt of Greenwich, leaves 30. 10/. for the Time reduced to 
the Meridian of Greenwich. The Sun's Longitude the pre- 
ceding Noon is, 97 29% 18/; %. and the. following Noon is, 
_10%0% 19% 4”. the Difference is, 19. 1/,2/, or 61.2. the daily 
Variation. Then ſay, as 249. is to 3B. 104 fo is 61/ 2// to 8, 3. 

which. added to 9. 299. 18“. 2/7. the Sun's Longitude on the 
e Er 5 Preceding 


ally Increaſe: 
5 ckoned by the Me. 
ridlian of Greenwich, ſo is the daily Variation of the Sun's 


| 94 being in 210 15/. Longitude Eaſt of Greenwich, The 15 
265 


proveding: Noon, 1 149: — 8 ; 
| 292. 26'..5// the Suns Lon Ie 
the Time given. In ft Ee ofa — other of the OS 3 
Artieles is to be found by the Help of the Ephemeris. 5 
The Sun's Longitude ſerves alſo to Comput abs Aberration 
of te fixed Stars and Planets. « 
The Sun's: right Aſcenſion in Tine is uſeful. e ; 
F Attronomer in regular Obſervatories, who:. adjuits his... 
de by ſidereal Time. It ia alſo. uſeful to him for — 1 , 
4n at into ſidereal Time; as ſuppoſe that of an Eclipſe 
of bas — 5 Satellites, in order to know at what Lime it may 
be expected to happen by his Clocks: Fer this r me... 
Sun's right — at the preceding Noon, 1 er ea | 
the Increafe of right Aſcenſion from Noon, muſt be added 
the 3 Time of the Phznomenan ſet down in the ebe 


meris | 
The Sun's right. Aſceation in Time ſerves alſo to. compute. 
the 3 ent Time of à known Star's paſſing the Meridian; 
ſtract the Suns right Aſcenſion in Time at Noon 
ow the Stars right Aſcenſion in Time, the Remainder is. 
the apparent Time of the Star's paſſing the Meridian nearly; 
from which the proportional Part of the daily Increaſe of: 
= Sun's tight ſcenſion for this apparent Time from Neon 
-fubſtracted, leaves ws corre Time of the * s paſſing 
Heridian. | 
RE the apparent Time may be found from an hd, 
Altitude of a known fixed Star, ſuppoſe one contained Page 
| = 13 of the requiſite "Tables; as will be explained 1 5 


The Son's right F in Ting is alſo, uſeful, for, een 
puting the Time of the Moon and Planets paſſing tlie Meri- 
dian, as will be ſhewn-under their proper Articles. 
The Suns Declination is neceſſary to ſind the Latitude, 
whether at Sea or Land, from the Meridian Altitude 7 
it is alſo requiſite for finding the Latitude from:Two-Altity 
obſerved with the Interval of Time meaſured. by. a Watch; 
it ſerves for computing the Sun's Azimuth, having his Ali, 
tude ard the Latitude of the Place g ven, in order; to find 
Variation of the Compaſs; it is required jointly. with the I 
titude of the Place and the Sun's horary: Angle to compute his 
Altitude, if neglected to be obſerved at the Time of taking —5 
Moon's Diftance from the Sun for finding the Longitude; bein 
uleful to facilitate the Calculation o the of RefraQion-ar 
Parallax upon the Diſtance; it is alfo necefſary to calculate the 


* froman obſerved Altitude of _ Sun at a 5 | 
rom 


| — viz, ſubſtracting inftead of ne, 


e The laſt Column of this Page, containing the 


* 


185 Tr 4 1 oF 1 | 3 
ian, the Latitude. being: given; arable 


from the 


| the Time of the Sun's Setting or Riſing; which, though a Atl. ; 
accurate Method than the former of obtaining the Time, may 


t be uſeful when that cannot be had. For any of theſe Pur- 
poſes, the Sun's Declination muſt be found to . Time . LEE 


nearly reduced to the Meridian of Greenwich, maki 
| 7 5 55 according to the daily Inareaſe or Decreaſe, in * 


nner as was ſnewn with Refpe to the Suns Longitude. 


The Equation &f Time is a Correction, wlich added to or . 
fubſtracted from the apparent Time (according to its Title at 


the Top of the Column) gives equated or mean Time, ot that 
which ſhould” be ſhewn by a good Clock ar Watch. 5. 9 


parent Time is that which takes its Beginning from the Paſſage 


of the Suns Centre ever the Meridian of any Place; and had 
the Sun no Motion in the Ecliptic, or was his Motion reduce 
to the Equator or in right Aſcenſion uniform, ke would always | 


return to the Meridian after equal Intervals 85 Time. But his 


apparent Motion in the Ecliptic being gontinually varying. 

and his Motion in right Aſcenſion being rendered further un- 

equal on Acecunt of the Obliquity of the Ecliptic to the 
uator, from ee Cauſes it arifes that the Intervals of his 


Return to the Meridian become unequal, and the Sun will gra- 


dually come too flow' or too ſoon to the Meridian for an 


cequable Motien, Jock as that of Clocks ang W n weir 5 
F 


This Retardation or Accileration: of the. San coming 7 
the Meridian is called the Equation of Time, and is contained 


in the laſt Column but One of Page 2d; and when applied 


according to its Title to the Apparent! 8 or that deduced 


immediately from the Sun, gives the mean or equated Time, 


whence the: Error of a Clock or Watch nay” be found, , 
and, if required, it may be corrected. 

I it is propoſed ts convert: mend. Tim indo.” a parent, 
this is done by a contrary Proceſs, by” applyiag the — 
of Time to the mean 1 ime given, with its I. 


fiead of e 
"The Equation Time 8 ſet Thom: in me „ 
for the Noon at Greenwich, Proportion muſt be made accord- 
ing to the datly Ditercace, to find what it ſhould be at w' > 
given Time reduced te the fame Meridian, as in the preced- 


n n 5 700 b To e for Ups Rs: 


: 


: Eh = 9 
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As oſten at it may be required to make any Calculations 
Tem aſtrono ical Tables, and the Time 9 be apparent 


Time; it is neceſſary firſt to apply the Equation af Time 
5 [thereto to convert it into mean Time; the Tables being dif- 


peoſed according to mean Motions, © Thus the Articles con- _ 
- tained in the Ephemeris anſwering to Noon were computed 


to ob. incitaſed, or 24 Hours rg the Equation of 
Time: And the Moon's Places ſet down for Midnight were 
Domputed to 123. increaſed or diminiſhed bythe Equation of 


Wpat has been ſhewn concerning the Equation of Time 


chiefly reſpects the Aſtronomer, the Mariner having little 
to do with it in computing his Longitude from the Moon's 


Diſtances from the Sun and Stars obſerved at Sea with the 
Help of the Ephemeris, all the Calculations thereof being ad- 


apted to apparent Time, the fame which hg will obtain by 


preſcribed. 


4 


apparent Time deduced from an Altitude of the Sun muſt be 
corrected by the Equation of Time, and the mean Time 


found compared with that ſhewn by the Watch, the Diffe. 


rence will be the Longitude in Time from the Meridian by 
which the Watch was ſet; as near as the Going of the Watch 
rande ypon = oy 7 ones TOE CU 5 


The Equation of Time was computed for the Ephemeris pf 


1767 from the Table, Page 3d of Mayer's Tables; but on 
Account of that Table being made only to the neareſt Second 
without Decimals, and the Neglect of the ſmall Equations of 
the Sun, the Calculations of that Article in the Year 1767, 
cannot always be depended upon nearer than Two Seconds. 

For the Year 1568 and the following Years it will be com- 
puted in the ſtrict Manner explained in my Remarks upon 


that SubjeR, in the Philof. Tranfact. Vol. liv. P. 342 fer the 
Year 1564; namely, by taking the Difference of the Sun's 
true right Aſcenſion, and his mean Longitude corrected by 
the Equation of the Equinoxes/in right Aſcenfiong. and en- 
ing it into Time at the Rate of /, to 15/7. Cc, The Equa- 
tion of Time will be additive or ſubſtractive as the Suns true 
right Aſcenſion is greater or lefs than his mean Longitude. 
The Semidiameter of the Son, Page 3d, is neceffary to te- 
duce the obſerved Altitude of his upper or lower Limb to that 


"of - 


the Altitudes of the Sun or Stars in the Manner hereafter | 


{4 : # 4 
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** "nur if Watches made upon Mr. John Harriſon's or other 
equivalent Principles ſhould be brought into Uſe at Sea, the 


e the Centre; alſo to reduce ſhe pblerred Diſtance gf the | 
Moons neareſt Limb from the Sun's neaceft Limb to the Diſ- 
verify or aſcertain the Exactneſs of the Scale of their Micw- 
meters, by Compariſon with the Meaſure of the Sum s hori- 
rontal Diameter, This Practice is particularly. uſeful an Jolar 
FEsclipſes, When the Diſtance of the Cuſps or the Verle Sine 
ef the unerlipſed Part has been mealured with the Micro- 
meter. The Semidiameters of the Sun in Mayer's Tables, on 
which all the Calculations reſpet 7 | 1 
made, ſuppoſe the Semidiameter at the mean Diſtance o be 


167 2½ 8. which. Mr. Mayer ſays he deduced ftom above 130 


_ ©, Obſervations taken with his Six Foot mural Quadrant, which 


ſeemed te him not ill adapted to the Purpoſe, It may not 
be amiſs to take this Opportunity to remark that the Qua- 
Arant here megtioned was given to the Univerlity. of Gott in- 
gen by his late Majeſty, and was made by Mr. John Bird after 


ing the Sun and Moon are 


the Model of the Eight Foot mural Arch, which he finiſhed 


© forthe Reyal-Obſervatory at Greenwich, and put up there in 
the Year 1750. Mr. Mayer made his Obſervations with his 
di Foot mural Arch, from the Year 1756, to the Time of 
- His Dereaſe; with it he ſettled. the mean Obliquity of the 
_- Eeliptic to the Beginning of the Year 1756, at 238.2816 £ 
which Dr. Bradley ſettled by his Obſeryations made in the 
\ Years:19750 and 1751, at 239.28, 18“/ The Difference is 
___ agreeable to what ought to ariſe from the gradual Diminution 
of the Qbliquity of the Ecliptic at the Rate of about £4 a Se- 
cond in a Vear. The ſame Inftrument he alſo uſed in ſettling 
the Elements of his ſolar Tables; and it is moſt. probable tha 
with the ſame he ſettled his Table of Refractions at the End 
of his ſolar Tables; the Agreement of this Table with Dr. 
Bradley's, Tee Page 2d of requiſite Tables, (being both ſuited 
to the ſame Temperature of the Air) is ſo great, that they ſeem 
rather like One and the fame than Two different Tables. 
The Tame of the Sun's Semidiameter paſſing the Meridian, 
letves to teduce an Obſervation of a Tranſit of the preceding of 
_Gibſ@nent L. imb over the Meridian to that of the Centre, when 
al One was obſerved. It fignifies a Portion of apparent Time, 
or even mean Time, the Difference being abſolutely. inſenſible 
upon ſo ſmall an Interval. It is found thus: Increaſe the Suns Se- 
midiameter in the Ratio of the Coſine of his Declination ts the 
Radius, ta find his Semidiameter in right Aſcenſion, which turned 
Anto Lime at the Rate of 1. to 15/. and 1. to 5 “/. gives the 


Line 


— 


5 paſſing the Meridian. If the Clock by w. 


Time required. The Sun's Semidiameter in right Aſcenſion 
is readily found by adding the Log. Coſine of his Declina- 
tion to the logiſtic Logarithm of his Semidiameter, the Sum 
is the logiſtic Logarithm of his Semidiameter in right Aſcen- 
fion.; which divided by t5 gives the LIE of his Semidiametef 
| | Clock hich the Obſervation | 

s made be regulated according to fidereal Time, this Quantity 
muſt be increaſed in the Ratio of 365 to 366, if great Precr- 
ſion is required. | 


From the Time of the Sun's Semidiameter paſſing the. Meri- 
dian may be alſo found the Time of its paſſing the horizontal 
or vertical Wire of a Quadrant or Sextant, which on ſome 
' Occaſions may have its Uſe —The hourly Motion of the 
Sun is uſeful in computing ſolar and lunar Eclipſes; alfo in 
correcting the aſſumed Longitude of the Ship, in order to 
find the Time from an Obſervation of the Diſtance of the 
Moon from the Sun, independant of the Diſtances contained 
in the nautical Ephemeris; See Britiſh Mariners Guide, Page 
49, and Table at the End of the ſame, Page 25, which'is 
alfo copied at 7 14 of requiſite Tables. The Logarithm 
of the Sun's Diſtance is uſeful in the Calculation of the 
Places of the Planets and Comets. The Place of the Mnon's 
Node fignifies its mean Longitude, and is neceſſary for find- 
ing the Ecuation of the equinoctial Points both in Longitude 
and right Aſcenſion, the Equation of the Obliquity of the 
Ecliptic, and the Deviations of the fixed Stars in right Aſ- 
cenſion and Declinatian, j 8 
The Eclipſes of Jupiter's Satellites are well known to afford 
the readieſt, and for general Practice the beſt Method of 
ſettling the e Ae Places at Land; and it is by their 
Means principally that Geography has been ſo much reformed 


= 


Within a Century paſt, and the Poſition. of the moſt diſtant 


Places determined to equal Accuracy with the neareſt. It was 


hoped that ſome Means might be found of ufing proper Tele- 


ſcopes on Shipboard to obſerve theſe Eclipſes, and could this 
be effected, it would be of great Service in aſcertaining the 
Longitude of a Ship from Time to Time, In my Voyage to 
Barbadoes under the Direction of the ommiſſioners of Lon. 
'gitude, I made a full Trial of the late No Irwin's Marine 
Chair propoſed for this Purpoſe, but found it totally impracs 
ticable to derive any Advantage 3 * the Uſe of it; and, 
conſidering the great Power requiſite in a Teleſcope for mak- 
ing theſe Obſervations "ay and the Violence as well as 


Irregularitie 


Irregulatities of the Motion of a Ship, I am afraid the 
complete Management of a Teleſcope on Shipboard will al- 
ways remain among the Defiderata, However, I would not 
be underſtood to mean to diſcpurage any Attempt founded 
upon good Principles to get over this Dithculty. ß. : 


The Teleſcopes proper for obſerving the Eclipſes of Jupi- 
ters Satellites, are common reſracting Teleſcopes, from 15 to 
20 Feet, reflecting Teleſcopes of 18 Inches or Two Feet, and 
Teleſcopes of Mr. Dollond's Conſtruction with Two Object 

_ Glaſſes from Five to 10 Feet; or, which are ſtill more con- 
venient, thoſe of 3 Feet, which he has lately found a Method 
of conſtructing with Three Object Glaſſes, which are as mana- 
geable as reſſecting Teleſcopes, and perform as much as thoſe 
Which he makes of 10 Feet with Two Object Glaſſs. 
The Eclipſes of Jupiter's Satellites are obſerved by Aſtrono- 


mers at Land, as well in order to provide Materials for 


improving the Theories and Tables of their Motions, as far 
the fake of Compariſon with the correſponding Obſervations 

Which: may be made by Perſons in different Parts of the Globe, 
whereby the Longitude of ſuch Places will be accurately = 
certained. It is indeed to be lamented that Perſons who viſit 

diiſtant Countries are not more diligent to multiply Obſerva- 
tions of this Kind, for want of which, the Obfervations made 
by Aftronomers on Shore loſe Half their Uſe, and the Improve- 
ment of Geography ſeems to be at a Stand. But it is to be 

hoped that an Emulation will ſpring up among thoſe who . 
may have Opportunities of rendering ſo uſeful a. Service to 
the Public, to incite them to watch diligently for the Occa- 
ſions of obſerving theſe Eclipſes carefully, particulay of the 
Firſt and Second, which are moſt exact for the Purpoſe. The 


EFEoslipſes carefully calculated and ſet down in the Ephemeris, 


will ſerve to advertiſe them and Obſervers in general of the 
Times when they ſhould attend to theſe Obſervations, The 
Perfon who ſhall be under any. Meridian different from Green- 

wich, mutt turn his Difference of Longitude into Time: See 
Table Page 6, 7, and 8, and add it to or ſubſtract it from 
the Time of the Eclipſe ſet down in the Ephemeris, according 

as he is to the Eaſt or Weſt of Greenwich, to find the apparent 
Time at which the Eclipſe will happen at his Meridian, 
nearly. He muſt further take care to regulate his Watch or 
Clock by apparent Time, or at leaſt to EN the Difierence, 

as well in order to appriſe hin of the Time to look out og | 


4 A 


- Stars taken with an aſtronomi 


1 


the Fclipfe, as for aſcertaining the apparent Time exactly 
at which he ſhall obſerve it. Equal Altitudes of the Sun or 
rs tak | . | r afford the beſt 
Means of regulating Clocks and Watches for occaſional Obſer-. 
vations; or they may be taken with a Hadley's Quadrant, 
by Reflection from a Baſon of Water or Quickſilver, or from 
the Horizon of the Sea, if the Obſerver has an open Proſpect, 
and is not elevated above 5 or 600 Feet above the Level of 
the Sea. But, if Opportunity does not admit of taking equal 
Altitudes, the Time may be determined from One Altitude 
taken in any of the Methods above mentioned, at leaſt Two. 
or Three Points of the Compaſs diſtant from the Meridian, 
but the nearer to the Eaft or Weſt the better, the Latitude 
of the Place being known, or being found by Obſervations 
af the Meridian Altitude of the Sun or Stars made on Purpoſe. 
It will be better to take ſeveral Altitudes in order to take a 
Mean of the Refults for greater Certainty. The Manner of 
computing the apparent Time from the Altitude of the Snn 
or a Star, will be obferved when we come to treat of the 
Method of finding the Longitude by the Obſervations of the 
Dittance of the Moon from the Sun and Stars by the Help of 
the Ephemeris. | | E „ 


4 * 


The Obſerver being in a Place whoſe Longitude is well 
known, ſhould be ſettled at his Teleſcope Three Minutes be- 
fore the expected Time of an Immerſion of the firſt Satellite; 
Six or Eight Minutes before that of the ſecond and third Sa- 
tellites; and a Quarter of an Hour or more before that of the 
fourth Satellite; chiefly on Account of the Uncertainty of their 
Theories; but, if the Longitude of the Place is very-uncer- 
tain, he muſt begin to look out for the Eclipſe proportion- 
ably ſooner: Thus if the Longitude of the Place is uncertain. 
to 30 Degrees, 1e to 12 Minutes of Time, he ought 
to fix himfelf to his Teleſcope 12 Minutes ſooner than is men- 
_ tioned above. Nevertheleſs when he has obferved One Ec- _ 
lipſe of any Satellite, and thereby found the Error of the 
Tables, he may allow the fame Correctſon to the Calcula- 
tions of the Ephemeris for ſeveral Months, which will adver- 
tife him very nearly of the Time of expecting the Eclipfes of 
the ſame Satellite, and diſpenſe with his attending ſo long, 
The Immerfions ſignify the Inſtant of the Diſappearance of 
the Satellite by entering into the Shadow of Jupiter ; and the 
Emerſions fignify the firſt 2 of its Appearance at com- 
VTV 8 2323 
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zjng out of the ſame. They generally happen when the Satel- 
J is at ſome Diſtance from the Body of Jupiter, except 
near the Oppoſition of Jupiter to the Sun, when the Satel- _ 
lite approaches nearer to his Body, Before the Oppoſition of 


Jupiter to the Sun the Immerſians and Emerſions happen 


on the Weſt Side of Jupiter, and after the Oppoſition an the 
Eaſt Side; but if an aſtronomical Teleſcope be uſed, which 
reverſes Objects, the Appearances will be directly the con- 
trary. Before the Oppofition, the Immerfions only of the 
firſt Satellite are viſible ; and after the Oppoſition, the Emer- 
ions only. The fame is generally the Caſe with reſpect ta 
the ſecond Satellite; both che Phænomena of the ſame Eclipſe i 
are frequently obferveable in the Two ovter Satellites. The 
Immerſions and Emerfions marked with an Aſteriſk in the 


— 


Ephemeris are thoſe vifible at Greenwich. 


* * 


To know if an Eclipſe will be viſible in any Place, find if 
Jupiter is 80, or 109. above the Horizon of the Place, and the 
Sun as much bel- wit. This may be done near enough by a 

celeſtial Globe: Otherwiſe, the Time of the Sun's Riſn and 
Setting may be found for any Latitude by a Table of ſemi- 
diurnal Arcs, contained in the popular Book called the Ma- 
riner's Compaſs Rectified, and many other Books; the Time 
of Jupiter's Riſing and Setting may alſo be found from the 
Time of his paſſing the Meridian and Declination ſet down 
in the Ephemeris, with the Help of the ſame Table of ſemi- 
diurnal Arcs; adding or ſubſtracting the ſemidiurnal Arc 
anfwering to the ſame Declination of the Sun: Remembering 
always that if Jupiter's Declination and the Latitude of the 
Place are of the ſame Denomination, the ſemidiurnal Arc 
will be more than Six Honrs, and if they are of contrary De- 
nominations, it will be leſs than Six Hours. | 
The Immerſion or Emerſion of any Satellite being carefully 
pbferved in any Place according to apparent Time, the Lon- 
gitude from Greenwich is found immediately by taking the 
Difference of the Obſervation from the correſponding Time 
ſhewn in the Ephemeris, which muſt be turned i Bret 
Sc. by Table Page 5, 7, and 8; and will be Eaſt or Weſt at 
Greenwich, as the Time obſerved js more or leſs than that 
of the Ephemeris. 13 + So 
Example: Syppofe an Emerſion of the firſt Satellite ſhould 
be obſerved at the Cape of Good-Hope, May 9, 1767, at 
IR: 46% 45%. apparent Time: The Time by the Eee: 


[ 


. 1 © = 
being ob. 33/. 12//, the Difference is 10. 13/ 33/7, whence by 
Table Page, 6, 7, and 8, the Longitude of the Cape ſhould 

be 189.23/ 15/7. Eaſt of Greenwich, becauſe the Time fu 

poſed to be obſerved at the Cape is more than that of he” 

Ephemeris. 3% ͥͤ ¾ ET as | 0 

It may not be uſeleſs here to obſerve that the Longitude 
of the Cape of Good Hope 1b. 13/. 33//=189. 23/. 15%. ſet 
down in the Baitiſh Mariner's Guide, is that of the Town; the 

Latitude alſo belongs to the ſame; being both determined 

from the Obſervations of Meſſrs. Maſon and Dixon, who went 

thither under the Direction of the Royal Society, and obſerved 
the Tranſit of Venus in the Year 1761. Hence, by the Help of 
the Charts, I find the Longitude of the Cape Point or Fro- 
montory 18. 45/, Eaſt of Greenwich, and its Latitude 

. 349. 30“, 8. the Longitude of Cape Falſo, 199. 15, E. and its 
{atitude 349. 34/ S. If theſe Determinations of the Situa- 

tions of the Cape Point and Cape Falſo are in any reſpe& 

uncertain, it ariſes from the Imperfection of the Charts I 

was obliged to make ufe of, in reducing the Longitude and 

Latitude from the Cape Town to the Two mentioned Points: 

For from the near Agreementofthe Abbee de la Caille's Obſer- 

vations with thoſe cf Meſſts. Maſon and Dixon, it is probable 

that the Situation of few Places is better determined than that 
of the Cape Town: But if any one has Poſſeſſion of any 

— Manuſcript or printed Charts of theſe Parts that he thinks 
may be, depended upon, or has any Opportunity of deter- 

mining the Points in Queftion relatively to each other from 

the Compariſon of ſeveral Journals of Ships, he may perhaps 
fix thefe Places with more Certainty than is here pretended 

0. | ; / : 

It is to be obſerved that a correſpondent Obſervation of an 

Eclipſe of a Satellite of Jupiter, made under a well known 

Meridian, is to be preferred to the Calculations of the Ephe- 
meris for comparing with an Obſervation made in a Meridian 
whoſe Longitude is required; but if no correſponding Obſer- 
vation can be obtained, as is frequently the Cafe, it will be 
beſt to find what Correction the Calculations of the Ephe- 


meris require by the neareſt Obſervations to the given Time 


that can be obtained; which Correction applied to the Cal- 
culation of the given Eclipſe in the Ephemeris, renders it - 
almoſt equivalent to an actual Obſervation. | 

The Longitudes and Latitudes of the Planets, Page 4, 
ſerve to know where to look for them in the Heavens, and 


when 
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further like proportional | 
again of this laſt, and fo on as far as is neceſſary. The Sum 
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when theit Places may be conveniently ſettled by comparing 
them with fixed Stars by the Help of a Micrometer in a Tele- 
ſcope. They alſo ſnew when they are in the moſt important 


Points of their Orbits, where it is moſt material to obſerve 
them. They alſo ſerve to enable Perſons leſs ſkilled to dif- 
- tingwſh them from the fixed Stars. Their Declinatiens and 
apparent Time of paſſing the Meridian are particulary uſeful 


to Aſtronomers who are furniſned with Quadrants and Tranfit 


Inttruments well fixed in the Meridian, in ſetting their In- 


ftruments for obſerving their right Aſcenſions and Declinations. 
The apparent Time of a Planet's paſſing the Meridian may 
be computed thus; the Planet's right Aſcenſion being calcu- 


lated from its Longitude and Latitude, and turned into Time, 


ſubſtract the Sun's right Aſcenſion at Non in Time from it, 


to ſind the Time of the Planet's paſſing the Meridian nearly, 


which call T; take the Difference of the O and Planets daily 


Variations in right Aſcenſion in Time; if the Planet is pro- 
greſſive in right Aſcenſion, or the Sum if it is retrograde, which 


Call X; then ſay, by the Rule of Proportion; 


As 24 f N T. X e and TS will be the correct Time 


af the Planet's paſſing the Meridian. The upper Signs are to 


be uſed both to X and e if the Planet's progrefſive Motion in 
right Aſcenſion be greater than that of the Sun; in any other 


Caſe the lower Signs are to be made uſe of. 


But perhaps it may be found more readily by continual 
Approximation as follows: Take the proportional Part of the 
Difference or Sum of the © and Planet's daily Motion in 
right Aſcenſion, anſwering to the Time of the Planet's paſſing 
the Meridian, found nearly: in Proportion to 24. and take a 

art of this proportional Part; and 


of all theſe proportional Parts added to the Time of the Pla- 
net's paſſing the Meridian found nearly, if the Planet's pro- 
greſſive Motion in right Afcention is greater than that of the 


Sun, otherwiſe ſubfiracted,” gives the apparent Time of the 
- Planet's paſſing the Meridian. | 2h. 


Example: Let it be required to find the Time of the 
Moon's paſſing the Meridian, July 1 1767. | | 


1 3 5 3 
The Sun's right Aſcention in Lime july fſt is, 6. go”. 25/7, 


| 0 July 2d, 6%. 44/. 23/7. by the Ephemeris. Therefore his 


daily Motion in right Aſcenſion is 47.877, The Moon's right 


Aſfeenſion July ift at Noon by the Ephemeris, is 1599. 2“. an- 
ching 10/10). 360.8. ef Time, ond July ad i, 169%. 39%. fo. 


wering 


 __ 
twering to 109. 18/ 36%/ The Difference is, 42/. 28 /. of Time, 
from hich . 8/. being ſubſtraQed leaves 38/. 20%. Subſtract 
Gb. 40/ 25/. the Sun's right Aſcenſion July iſt, at Noon from 
10h. 36. 8/ the Moon's right Aſcenſion the ſame. Noon, the 
Remainder: 3u. 5 5/ 43/. is the Approximate Time of the 
Moon's paſſing the Meridian. The proportional Part of 38%. 20% 
anſwering to this, is 6. 1% and the proportional Part of 6/. 157. 
is 9%/; therefore 6. 17“ and 9% or 6/, 26% added to zu. 554. 
45% give 4b. 2. %, the apparent Time ef the Moon's 
paſſing the Meridian. In the Ephemeris it is 4b. 2. It m 
alſo be computed by taking the Difference of the Moon's 
right Aſcenfions at Noon and Midnight, but then half the 
_ Sun's daily Variation in Tight Aſcenſion muſt be made uſe of, 
and Proportion muſt be made for 12 inftead of 24 Hours: 
And if the Moon paſſed the Meridian after Midnight, the 
Sun's right Aſcenſion at Midnight muſt be uſed, which is a 
Mean between his right Aſcenſions on the preceding and ſub- 
e Noon. For the Planet's, it will be ſufficient to take the 
firſt proportional Part only. IDS | II, 
Ihe Configurations of Jupiter's Satellites, Page 5, exhibit the 
apparent Poſitions of the Satellites with reſpect to each other, 
and to Jupiter at ſuch an Hour of the Evening or Night as 
they are moſt likely to be obſerved, and ſerve to diſtinguiſh: 
the Satellites from one another. Jupiter „ by 
the Mark O, and the Satellites by Points with Figures an- 
nexed, the Figure 1 ſignifying the firſt Satellite, 2 the ſecond 
Satellite, Se. When the Satellite is approaching towards 
Jupiter, the Figure is put between Jupiter and the Point ; 
and when the Satellite is receding from Jupiter, the Figure is 
put on the other Side of the Point. The Satellites are in 
the ſuperior Parts of their Orbits, or furtheſt from the Earth, 
when they are marked to the right Hand or Weft of Jupi- 
ter approaching him; or to the left Hand or Eaſt of Jupiter 
receding from him; but are in the inferior Part of their Orbits, 
or neareſt to the Earth, when they are marked to the right 
Hand or Weſt of Jupiter receding from him, or to the left or 
Eaſt of Jupiter approaching him. The Cypher o ſometimes 
annexed to the Figure of the Satellite towards: the: Margin, 
. fignifies that it is inviſible on the Face of Jupiter; and the 
black Mark , ſignifies that it is inviſible, being eclipſed in 
Jupiter's Shadow; or behind Jupiter, and eclipſed by his Body. 
The 7th and 5 following Pages of each Month contain the 
Moon's Place, and all the Circumſtanees relating to her Mo- 
e . 1 i 


tions, and her Diſtances from the Sun and 5 Stats, from 
Which her Diſtance ſhould be obſerved for finding the Longi- 
tude at Sea. The Longitudes, Latitudes, and Declinations of 
the Moon, and Time of her paſſing the Meridian, afford the 
like Uſes with the ſame Circumſtances of the Planetary Mo- 
tions, and many more beſides. For the ſake of greater Preci- 
ſion, the Moon's Longitude, Latitude, Right Afcenſion, Decli- 
nation, . Semidiameter, horizontal Parallax, with its logiftic 
or proportional Logarithm, are computed twice a Day, to Noon 


and Midnight, and may readily be inferred to any interme- 


diate Time with the greateſt Exactneſss. Ate 
Example: Let it be required to find the Moon's Longitude 

and Latitude, Sc. July 16, 176), at 16*, 22/ 16//, Firſt to 
find the Longitude. The Moon's Longitude, July 16, at 12. 
is 0% 69. 40. 25/7. and July 17 at Noon, o“. 139. 47/. 48. 
the Difference 78. / 23//. is the Muon's Motion in 12 Hours; 
fay then, by the Rule of Proportion, 


As 12). isto.4*. 22/. 16/.(the Exceſs of 16d. 22/. 16%. above 


12h.) ſo is 7. 7/. 23/7. to 29. 35%, 41/7. which added to 
. 69, 400. 25//. the Moon's Longitude at 12k. gives 08. g9. 
16. 6%, the Moon's Longitude nearly; but this muſt be cor- 
rected on Account of the Moon's unequal Motion in 12 
Hours, by Page 11 of requiſite Tables; for this Purpoſe take 


out of the Ephemeris the Two Longitudes of the Moon next _ 


preceding the given Time, and the Longitudes immediately 
follow ing it, and ſet them down in Order one after another, as 


follows 1 
; ſiſt Diff. zd. Diff, 
N 1 5 85 * © f u bo 8 LH 5 : 
x - July 16, Noon 11. 29. 29. 34. 45 21. 1 
My NEON o. 6. 40. 58. 3 72 L 3. 28. 
17, Noot G 13. J. 24-17 722 1344. 
Midnight o. 20. 51. 27.77 3 39-| 5 


Take their Diffezences, 4?. 10/. 51”. 7. 7. 23“. Je. 31. 300. 
take the Differences of theſe Differences, or the 2d Differences, 
_ 27.28/1.3/, 44/7. and taketheir Mean which is 3/. 36/7. Now look 
25 the Correction in Page 11 of requiſite Tables anſwering 
to 4®, 22/ after Midnight, found on the Side, and 3“ 36// at 
Top, 21“ will be found under 3/. and 28/7. under 4/. the 
the Difference is 7/. whence 36/ will require 4/!, and the 
Cortection ſought is 21/!+4//=25!!. which, according to 
the Remark at the Bottom of the Table, muſt be added bo 


3 157 1 
auſe the Motion ans Dies or firſt Differences are decfeaf 
ing to 83,991 16/:6!),' the Moon's: Longitude: found by even 

Fre ; whehce the Moon's true Longitude is of: 9 167; 
417 ee is as correct 8 tlie Longi tudes oh! er it is de- 


N di i 1 ö 1 + 5 771 
N. 15 If the $eſt Pierer ot the Fout : 


ng tudes of the 
Moon taken out firſt inereaſe and then decreaſe, or, vice 
ver a, firſt decreaſe and then incteaſe} take half the Differs 
ende of the Two ſecond Differences-for the Mean fecond Dif: 
ference, with Which take the CorreQion frem Page 11, and 
add or ſubſtract it as the ift: firſt Difference i is greater or Je - 
than the third firſt Difference. | 
To find the Moon's Latitude. Take out of the Epticmeristhe 
Two Latitudes preceding and Two following the given Time; 
and ſet them don in Order; and take their firſt and ſecond 
Differences, and the mein of the Two ſecond Differences; find 
the proportional Part of the Middle firſt Difference anſwering to. 
the Hours and Minutes, &c. of the given Time after Noon or 
Midnight; which correct in the following Manner: Entering 
Table Page 11 with the Hour from Noon or Midnight on 
the Side, and the mean ſecond Difference a os hx take but 
the correſponding , Number of Seconds, which added to or 
ſubſtracted from the proportional Part found above, eee 
as the Motion in 12 Hours or firſt Differences are decteaſi 
or increafing ; or, more generally, according as iſt firſt Dif- 

ference is greater or lefs than third firſt Difference, gives the 

portional Part corrected; which now added to or ſub- 
ſtratted from the Moon's Latitude at the preceding Noon or 
1 ht, as the Latitude in theſe 12 Hours is n A | 
T „gives the Mcon's Latitude correct. : 
. E: The, Oy n is oor: "Jolly 16/1 16d, 

2 Fs 5 n 


ts 8 . 
_ the ic Bphem: | 
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by Preportiangyunat wn It get 65 
e is to 220. 16/1. 40 i; 180 50%. 40 57 2% but nis 
muſt be corrected by adding 3377. the Correction from —4 4 
11 anſwering to the Hons: 4221. and the Mean Second 
Difference 4/.40!/,;becanſe-the firit Difterencesare decreaſing,” 
or rather becauſe the firſt of them '18/. 26/1. is greater than, 
the laſt of them 9/ 6/7. therefore ne proportional Part 
corrected is 5 /. 2. 33/5 I. 13511, which added to 47. 
= 36!!, gives 40. 88“ KEN. the Moons Latitude cor. 


e e o be nr 


. on ſome; Circumſta 
„in order to obtain and — the Correction of ſecond 4D 
renees'rightly. in computing the Moon's Latitule. 


I. If the Moon's Latitude taken out of the Ephemeris for 


| Noon and Midn ght changes its Denomination fam 

=_ or Ky South to. } North ; the pn . the 7 — Latin udes 
cantrary nominations, Where the ange P is o 

| beaccounted the firſt Difference i in that Place. are, Ef 
II. If the Three firſt Differences: firft increaſe and thende., 

een or vice verſa, firſt decreaſe and then increaſe 

Difference of -the Io fecand Diflereners.s: to be take for | 

the mean ſecond. Difference; - - 

III. If the Series of For Latitndes 8 ſhould. fil ine. | 
creaſe and then decreafe about the Moon's greateſt Latitudes, 
take the Sum of the Iwo. firſt - Differences ſtanding on each 
Side of the greateſt Latitude for the ſecond Difference in that 
Place; correct the Moon's Latitude at Noon ar Midnight by the 
ſimple proportional Part firſt ound; and t the Latitude ſo 
corrected, add always in this Caſe the Correction from 9 2 
Page 11, anſwering to the Mean of the Two ſecond 
ferences. 

Before I quit this Subject of Interpolat n by fecond Dit. 
ferences, 1 mall point out another M eth „ by which the 
ſame End may be obtained more_rcadily, and with fewer 
Rules, by thuſe who are well acquainted with algebraical Sub- 
ſtraction yu Addition and Fong Ts of a plying the Sign 
in thoſe Operatio dubitract each Latitude from the fol- 
lowing for the fir t Differen rences, to hie 1 prefix. the $ — if 
the Latitydes-gecr and ſubſtract each firſt rence, 
thus found, on the followiup one of the ſame Order for the 
_ Ditferences, Half the © of the * ſecond Dit- 
' ferences 


rences ſtanding on ack Side of the ve t6 be-inferyes 
bogs is to be accounted the mean fecond Difference; the 
COTE correſponding to it by Table "Page 175 is to be 

he ied always with the contrary Sign. 

eſe Operatrons are to be ed, and the Signs to be 

5 3s in algebraic Subſtraction and Addition. Note 

further, if the Four given Latitudes change their Denomina- 
tion, Gall the ſecond Latitude f., and thoſe of 4 Senke De- 

nomination : — — 

The Moon's Declmation may be Wend at any Hour hs 
tune Manner as her Latitude; but as the Correction arifing 
from fecond Differences will never exceed 2 , this may de 
neglected on moſt Occaſſons: but if any one is defirous t6 ob- 
= the Declination true to'a 3 Cor reftion eafik 

ied, as ſhewn above. ds 

| he other Atticles of Page 7, and 8, vi. the Moons right 
5 4 her Semidiameter, horizontal” Parallax; with its 

Logarithm, and the Diftances contained in the Four laſt Pages 

ef the Month, may be all found correctly by even Propor- 

tion, without requiring any Allowance on Account of fecond 

Differences. The proportional Part of the Moon's Longitude, 

Oe for any Hour, may” be found very readily by the Help of 

the Table of proportional Logarithms at the End of therequiſite 

Tables: For which conſult the Explanation of thoſe Tables. 

The Moen's Eongitude and Latitude are ufed in computing 
"her Diſtances from the Sun and Stars contained in the Four 1. 

"Pages of the Month, as well as in the Appulſes to Stars pointed 
out in Page 1, and, jointly with her Parallax and Semidia- 

meter, ate neceſſary for computing the -Eclipſes of the Sun 

and Moon, and the Occultations of fixed Stars and Planets by 
the Moon. They alſo facilitate the Calculation of the Lon- 

a gitude of any Place from an Eclipſe of the Sun, or an Oe 
*eultation of a Star or Planet by the Moon obſerved* Or, if 
the Meridian be well-known, the Parallax and Semidiameter 

ſerve to deduce the Moon's true Place in the Heaven from the 

- Obſervation, which compared with that given by the Ephemetis 

neus the Error of the Tables, whatever it be at that Lime. 
The Moan's'Semidiameter and Parallax are applied in corect- 

ing almoſt all Obſervations of the Moon. The logiſtic Lo- 
gatithms of the Moon's Parallax, ſerve further to Facilitate 
n the Calculations of Parallaxes, but if the Table of proportional 
*Lo N at the End of * Tables be made 5 5 
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#f, which will be moſt convenient; the conſtant Quantity 


5 7 hms of the 
Moon's horizontal. Parallax contained in | the Ephemeris of 
11767, to reduce them to proportional Logarithuns, It will be 
more convenient to ſubſtitute proportional Logarithms of the 
Moon's Parallax instead of the logiſtic Logarithms in a-fu- 


Lure Ephemeris, - 


Te Moon's right” Aſcenſion and Declination are uſeful to 


compute her Altitude at any Time, particularly at the Ob- 
_ ſervation of her Niftance from the Sun or a Star, ſuppoſing it 
Was neglected to be or cculd not be obſerved properly; which 
Alatter Caſe may ſometimes. happen in the Night, though I 


think but rarely; the utmoſt Accuracy not being required 


_ [for the, Calculations of Refraction and Parallax. See Britiſh 


Mariners Guide, Page 57. The Moons Declination, with her 
Semidiametet and Parallax, ſerve for finding the Latitude by 


the Meridian Altitude of her upper or lower Limb obſerved 


at Sea, See Britiſh: Mariners Guide, Page 93. The Moons 


right Aſcenſion and Declination ſerve alſo io compute the 
: Time from her Altitude obſerved. at the Obſervatien of her 
Diſtance from a Star; whence the 4; om may be inferred, 


_ though no Altitude of the Sun or a Star was taken for re- 


gulating the Time. See Britiſh Mariner's Guide, Page 61. 


Phe Diſtances of the Moon from the Sun and fixed Stars, 
contained in the Four laſt Pages of the Month, are ſet down 
to every: Three Hours of Apparent Time by the Meridian 


of Greenwich, and are deſigned. to relieve the Mariner from 
the Neceſſity of a. Calculation, which he might think prolix 
and troubleſome, and to enable him, when e With 
the ſame Diſtances obſerved carefully at Sea, to infer his Lon: 
gitude readily and with little Danger of Miſtake to a De- 
gree of Exactneſs that may be thought fufficient for moſt 
nantical Purpoſes. But -uſeful and valuable as the Practice 


. of this Method may be at preſent, it is a Remark not un- 


. worthy our Notice, that there is Room to hope, by future Im- 
provements of the lunar Tables, and the Introduction of 
à more accurate Method of conſtructing Inſtruments, it may 


9 * 3 a 2 ; , 7 


be carried to a much higher Degree of Perfecti an. 


The Moon's Diſtance. are computed both from the Sun 
and proper Stars, and generally from One Object on each 
; Side of her, to afford the Marines a greater Number of 

Opportunities of Obſervation, and a Means of attaining a 
- greater Degree of Exactneſs. The Diitances from the Sun 
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are computed between 30 and 1200 of Diſtance. While 
the Moon is between the Diſtances of 207 and 40% from the 
Sun, her Diſtance is computed-only-from a Star on the en- 
trary Side that the Sun is. When ſhe is between the Dif- - 
tances of 40? and go from the Sun, her Diſtance is com- 
puted both from the Sun and from + Star on the contrary 
Side to the Sun; when the Moon is above 9 from the Sun 
her Diſtance is computed: from Two Stars, one on each Side 
of her; though ſtill: her Diſtance is computed alſo from the 
Sun from 907 to 1209 T the Diſtance of the Moon 


from the Sun or Star, well obſerved with a good Inſtrument, 


is ſatficient to determine the Longitude, with the Help of the 


Ephemeris, abhways within a Degree, and generally much 


A nearer, yet it will conduce to ſtill greater Accuracy, if the 


Obſerver takes the Diſtance of the Moon from TWo Stars, or 
the Sun and a Star, or, when the Moon is between qo and 


120 Diſtance from the Sun, from the Sun and Two Stars, if | 


he can be ſo lucky as to obtain-theſe ſeveral Obſervations, 
The Longitude” being computed from the Obſervations 


made with each Star refpectively, the Mean of the Reſults 


is to be taken as probably e neareſt to the true 

Longitude. In particular the Moon's Diſtance ſhould be taken 
from Two Stars, or the Sun and à Star en each Side of her, as 
aften as eee permits, ſince the Mean of the Reſults will 
probably be atleaſt as exact again as either ſeparately, I mean 


2s far as depends on any Imperfection of the Inſtruments, 


and unavoidable ſmall Errors ariſing in the Uſe of them; Er- 
rors of theſe Kinds having a natural tendency to correct each 


other; for that ſmall Error which arifes from the lunar 
Tables will affect the Reſult from either Star equally. But the 


Error of Mr. Mayer's laſt lunar Tables here made uſe of, ſcarce 


ever exceeding 1/ at the moſt, and ſeldom amounting to 20%. 


the Uncertainty hence ariſing in the Determination of the Lon- 
not exceed 10 Miles. OTE. ith 

The Diſtances ſet down in the Ephemeris, afford the Ob- 
- ſerver a ready Means of knowing the Star from which the 
Moons Diſtance is to be obſerved; for he has nothing to 


gitude can ſcarcely exceed half a Degree, and generally will 


do but to ſet his Quadrant to the Diſtance computed roughly 
from the Ephemeris, neglecting the Seconds, at the appatent 


Time eſtimated nearly of Meridian of Greenwich; and 
direct his Sight te the Eaſt or Weſt of the Moon, accord- 
ing as the Diſtance at Greenwich is found in Page 9 and 


5 10, 


Moon u 
_-the Quidrant-.t» the Right and Left, and he wille filed" the 
Star ne ſeeks for; if above the — and the Air be clear, 
5 ly ina Kine perpendicular to the Line ef the Moon's 

Horns or longer Axis, or, which the ſame” Thing, in the 


== one of the brighteſt,” ſo that there is little: Danger of 


= little Speculum, let him give a $ 


ne of the Moon's fhorter Axis produded.: The Star is al- 


King andther for it, if the 8 Directions are 
n obſerved . The Time at Greenwich is eſtimated 
mearly by turting the ſuppoſed Longitude from Greenwich 


_ +Info Tims, vy Table Page 6, J, and 8, and adding it'to or 
: Lubftrating it from the Apparent Time-attheShip, as its Lon- 


*gitide is Weſt or Eaſt of Greenwich: It will be ſufficient if 
-the Diſtance be comꝑuted from FS Ephemeris Within 100. or 


20% for ſetting the Quadrant. The prineipal Uſe of tle 


Diſtances of the Mon Hm the Suri and fixed Stars; namely, 


in determining the Lohgitude by Compariſon with the correl- 
- potting: Diſtances: obſerved” at Sen; + pp be ſhewn hereafter 
In its proper Order, im the Differtari 

_ »thbd'of computing Jhe Longitude at Sea 5 8 1 lelp of Be 10 


n explaining the Me- 


Ephemeris. "1h . CI > $847 1775 3 . £ 8 37 i q | 
The Diftances contained in de Ephemeris vete comp 
ane to Noon and Midnight, and thence interpolated for 


every Three Hours, according to the Method. ſhewn for com- 
„Tuting the Moon's Latitude, Page 1719: Except that the 


Correction of ſecond Differences at tlie ! liddle of the Inter- 


val to be interpolated; was taken g of the Mean of the Tuo 


fecbnd Differences, and at the firſt and third Quarter of the 
Interval was taken 4 of the Correttion juſt found at the 


Mlicddle of the Interval; inſtead of vobfilting Table Page 11, 
nich would however have given the ſame Reſult. But, at 


- rhe firfti22 Hours when the Diftances of the Moon ert a 


Star begin, and the laſt 12 Hours when the Diſtances end, 


there being only One ſecond Difference inſtead of 'Two'ſe- 


com Differences en each Side to take à Mean of, this Me- 
thb fails in theſe Caſes, and therefore the following is to be 


abttituted in its ſſead, being derived fron. -vir Iſaac New- 
* tons Solution of the Problem of drawin Gr 3 2 the 


Entremities of any Number of t er * 
h Princ. Math; Page 486. Edit. ult. 1 
From Four Diſtances at N — 1 Midnight e 
* Arictly, to interpolate Three Diſtances The 3d, 6th? End 


"Nb - Hour of the "ey or laft Interval. 


Subſtract 


7 


„ Sobſtract each Diſtance from the i: 9 the iſt ä 
. Differences, and prefix the Sign —, if the Diſtances de.] 
- | Freaſe. Subſtract . firſt Difterence thus found from the fol Ra. 

| lowing one of the ſame Order, tor the ſecond Differences: And 

in like Manner ſubſtract the firſt 2d Difference from the fol-. __ 
lowing for the third Difference; applying the Signs as in 
algebraic Subſtraction. Denote the firſt or laſt firſt Difference _ 

- by b, the firſt or laſt ſecond Difference by c; according as the ; 
7 Interpolation to be made is for the firſt or laſt 12 Hours, 

Fe alſo the third Difference by d; and, à being put to 
nite nify the Diſtance at the Beginning of the Interval, 18 in- „ 
_ ated Diſtances will be as an „„ | 5 


3 


. 


At zd Hour of firſt Tema 1 bs bb 6; - os coated? 8 : 
oY” At 6th Hour of firſt Interval 4 T b—_-i.c+ 54 = 
RE = At gth Hour of ficft fil wo” nk 4 _ Fs c + 11 4 =—_— 


At zd Hour of . "I I * — ä — * „ : b = 
At 6th Hour of laſt Interval 5 2 ＋ Z b— r —⏑⁹² i Fo. 
At 9th Hour of laſt Interval 2 * 2 ma 120 1 s Fro 


| | In adapting theſe Formuls to None beat Care muſt 
| © be taken about the right 9 of the Signs. Thus if 
% b, c or d is Negative, apply the Number expreſſing the Value 
| of that Term of the 5 where it is found with a contrary 
Sign to that of the Formula, | 
Let me add in this Place, that if in filling up the firſt and 
laſt Intervals, a new ſecond Difference has been ſuppoſed in 
arithmetical Progreſſion with the Two given ones, in order to 
take a Mean between it and the firſt or laſt ſecond Difference, 
the Interpolation at the Middle of the Interval or 6th Hour 
will be had true, the ſame as if the above Formulæ had been 
uſed: But at the Interpolation of the firſt and third Quar- 
ter there will be an Error of zit third Difference; Which 
will be corrected, by applying + 11 4 or third Difference, to 0 1 
Number found at the firſt Quarter of the I nterval, am — : = 
to that found at the third © Quarter of the Interval; * eanly | I 
he fame whether it be the firſt or laſt ana 
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